The familiar sight of joggers in the streets provides a vivid example of the growing popularity of physical exercise. Its virtue is nearly universally accepted by the general public, and increasingly, physicians are recommending exercise as a means of preventive health care for their patients. This trend has not escaped the attention of diabetologists who are rediscovering exercise as an adjunct in the therapy of diabetes. In view of the large number of diabetics now being advised to exercise, it is pertinent to ask what is known about the long-term benefits of exercise in the diabetic patient? To answer this question, it is best to consider acute intermittent exercise and regular exercise training, separately.
The rapid fall in blood glucose levels reported in diabetics after vigorous exercise has traditionally been the basis for recommending exercise to diabetic patients. This acute glucose-lowering action of exercise is most pronounced in insulin-treated diabetics and occurs only if therapy is "satisfactory" or at least sufficient to prevent ketosis [1] . Indeed, in poorly regulated ketotic diabetics, exercise accentuates hyperglycaemia and may increase ketonaemia as well, particularly if exercise is prolonged [1, 2] . The importance of insulin availability in mediating the exercise-induced fall in glucose levels is further underscored by two additional observations in insulin treated patients. First, it is well recognized that the magnitude of the decline in blood glucose is increased if exercise coincides with the time of the peak action of the insulin preparation used. Second, exercise may accelerate insulin absorption from its injection site and when this occurs, the fall in blood glucose is more pronounced [3] .
Recently, studies using regional catheters and radiollabeled glucose have helped elucidate the mechanism of the glucose-lowering effect of acute exercise. Normally, physical exercise causes a marked increase in glucose uptake by muscle [4] . Blood glucose levels nevertheless remain stable, since hepatic glucose production increases to exactly match the rate of consumption [5] . In the diabetic receiving insulin exogenously, the circulating level of the hormone may, at times, be inappropriately high and as a consequence this "finely tuned" homeostatic mechanism is disturbed. Exogenous hyperinsulinaemia has been shown to potentiate the stimulatory effect of exercise on glucose uptake [6] . Even more importantly, the compensatory increase in glucose release from the liver is blocked under these conditions [7] , resulting in a fall in glucose concentration.
The usefulness of the acute glucose lowering effect of intermittent exercise in the management of Type I diabetics is limited, since the effect is relatively short-lived (generally several hours) after exercise is terminated. Unless exercise is regular, and of appropriate intensity and duration, there is little long-term "carry-over" effect that can be expected. Furthermore, the magnitude of the fall is not easily titrated so that hypoglycaemia is a frequent complication of vigorous exercise. The rapid rise in counterregulatory hormones that ensues, coupled with the increased responsiveness of the diabetic to these hormones [8] and a tendency to overeat when hypoglycaemic symptoms occur, often leads to a rebound increase in blood glucose to hyperglycaemic levels. Thus, if the diabetic is unable to adjust his diet and insulin dose, acute intermittent exercise may cause large fluctuations in blood glucose levels rather than improve metabolic control.
Of particular concern is the risk of unsupervised vigorous exercise (e. g. competitive sports) in the middle-aged non-insulin dependent diabetic who only occasionally exercises. This type of intermittent strenuous activity, although enjoyable, does not O012-186X/81/0020/0084/$01.00 improve glucose regulation in these individuals and actually could have adverse cardiac effects. An exercise programme must be carefully planned for such patients after a complete medical evaluation (including stress testing). Casual advice to "exercise more often" should be discouraged.
While occasional vigorous exercise may offer little long-term benefit to the diabetic, recent data suggest the possible usefulness of a regular exercise programme in the management of diabetes. Unfortunately most of this data derives from investigations in nondiabetic individuals. Previous studies have provided strong evidence for a significant increase in insulin sensitivity after an exercise program in untrained individuals or in well-trained long distance runners which persists between exercise periods [9] [10] [11] . It has been suggested that this persistent alteration in insulin action may be accounted for by augmented insulin binding to target tissues [11, 12] . Nevertheless, glucose tolerance in nondiabetics remains unchanged after training, the increase in insulin sensitivity being offset by a significant diminution in glucose stimulated insulin release [9, 10] . Whether regular exercise induces a comparable enhancement of insulin action in diabetics and whether such changes actually lead to lowering of blood glucose levels throughout the day, remains to be established.
Since non-insulin dependent diabetes is frequently associated with insulin insensitivity and reduction in insulin binding [13] , it would be logical to presume that this group, in particular, might benefit from an exercise training programme. However, studies so far have yielded conflicting results. Thus, whereas Saltin et al. [14] reported improved oral glucose tolerance in non-obese non-insulin dependent diabetics after 3 months of physical training, Ruderman et al. [15] did not observe an effect on oral glucose disposal in a similar group of patients after a 6 month exercise programme. Moreover, while a reduction in insulin dosage has been observed clinically when insulin-dependent diabetics engage in physical training, evidence for a beneficial effect on glucose control is largely anecdotal. Although a lowering of fasting blood glucose has been reported in a small group of patients after 6 weeks' training [16] , neither continuous glucose monitoring nor measurements of glycosylated haemoglobin were performed.
Of equal importance to the diabetic are changes in lipid metabolism produced by prolonged physical training. Regular exercise in healthy subjects is generally associated with a fall in VLDL triglyceride and, in some cases, a small decline in LDL chlesterol levels [17] . Nikkil~i et al. [18] demonstrated a twofold increase in the activity of the insulin sensitive enzyme, lipoprotein lipase in long-distance runners as compared to sendentary controls. Increases in lipoprotein lipase activity may thus account for the alterations in circulating lipoproteins induced by physical training. Of particular interest, a similar reduction in serum triglyceride has been reported in a small group of non-insulin dependent diabetics after institution of an exercise training programme [15] . These findings may be especially important in the diabetic, since hypertriglyceridaemia appears to be a more significant risk factor for atherosclerosis in diabetic patients [19] . Recently, attention has focused on HDL cholesterol, since in nondiabetic subjects its concentration is inversely related to the incidence of coronary artery disease [20] . HDL cholesterol is increased in active individuals [21] or in untrained subjects after physical training [22] . However, caution should be exercised regarding the significance of these findings to the diabetic population. There are no data available on the effect of physical training on HDL cholesterol in diabetics. Furthermore, some investigators have suggested that HDL cholesterol may not be responsible for the increased prevalence of coronary artery disease in diabetic patients [23] .
Finally, it should be noted that exercise training may also indirectly improve glucose and lipid metabolism in the obese diabetic. Since regular exercise may, in some cases, lead to a gradual reduction in weight, these individuals will receive an extra-added benefit from exercise, provided weight loss occurs. In this circumstance, both weight reduction and physical training would act independently to enhance insulin sensitivity, thereby potentiating the effect on metabolic fuels.
Considering the available information, it is not yet possible to answer the key question: will regular physical exercise prolong life or reduce morbidity in the diabetic patient? While the limited experimental data in diabetics strongly suggest that exercise training may enhance insulin action and improve lipoprotein profiles, evidence showing an improvement in overall blood glucose regulation is lacking and it remains to be determined if the propensity of diabetics to vascular complications is decreased. In a retrospective study of long-standing diabetics who were free of serious complications, it was reported that the vast majority were "engaged in regular sports and other physical activity" [24] . Unfortunately, this study and others like it fail to exclude other factors that may have contributed to the relatively benign course in these patients.
Should the current lack of hard evidence dissuade us from recommending a planned programme of exercise ot our diabetic patients? We think not, pro-vided that adequate screening for underlying disorders (particularly cardiopulmonary) is undertaken and the programme is designed to meet (but does not exceed) the capacity of the individual. Besides having important potential therapeutic value, most participants in physical training feel better both physically and psychologically. This improved sense of wellbeing should not be underestimated in this population facing a chronic debilitating disease. On the other hand, given the current information, excercise should be considered an adjunct to, but not a replacement for, management of diabetes by diet and insulin. Hopefully, future research will allow us to encourage the use of physical training more on the basis of scientific fact rather than clinical intuition.
